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(57) ABSTRACT 

The present invention provides a catalyst-loaded ceramic 
?lter that is made of a ceramic material capable of directly 
supporting a catalyst component thereon, and is capable of 
providing early activation of the catalyst With a 10W coef 
?cient of thermal expansion and light Weight, Without com 
promising the high porosity of the ?lter substrate. 

According to the present invention, a catalyst-loaded 
ceramic ?lter is made of a ceramic material of Which one or 
more kinds of element among the constituent elements 
thereof is substituted With element other than the constituent 
elements, for example a ceramic material With a part of Si 
or other elements included in cordierite is substituted With W 
or Co, as a ?lter substrate of honeycomb structure having a 
number of cells separated by porous Walls, and supporting a 
catalyst such as a noble metal directly on the W. This 
constitution has advantages that there occurs no increase in 
the pressure loss, coef?cient of thermal expansion or Weight 
due to the formation of a coating layer, and that the heat 
capacity remains loW. 
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CERAMIC FILTER AND CATALYST-LOADED 
CERAMIC FILTER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ceramic ?lter that 
collects particulate matter included in the exhaust gas emit 
ted from automobile engines, and a catalyst-loaded ceramic 
?lter that has a catalytic function to remove the particulate 
matter. 

[0003] 2. Description of the Related Art 

[0004] It has been a practice to collect ?ne particles such 
as soot (particulate matter) included in the exhaust gas 
emitted from diesel engines, by means of a particulate 
collecting ?lter (DPF) installed in the exhaust gas passage. 
The DPF employs a honeycomb structural body made of 
porous ceramic material as a ?lter substrate, that has a large 
number of cells formed parallel to the direction of the 
exhaust gas ?oW. Cells that adjoin each other are separated 
by a porous Wall, With one end of each cell being stopped, 
at the inlet or outlet side in a staggered arrangement, so that 
the particulate matter is collected While the exhaust gas 
?oWs through the porous Walls betWeen the cells. 

[0005] The particulate matter that has been collected can 
be removed by burning, With for example, an electric heater 
or a burner, periodically. Unfortunately, this method has a 
draWback in that the DPF is heated excessively during 
burning When too much particulate matter has been col 
lected, eventually leading to breakage of the DPF due to 
thermal stress. To prevent this problem, a catalyst-loaded 
DPF has been proposed that burns the particulate matter 
through a catalytic reaction in order to loWer the burning 
temperature. Various methods have been studied Which 
Would the catalyst-loaded DPF to burn and remove the 
particulate matter, such as direct oxidation of the particulate 
matter, or oxidiZing NO included in the exhaust gas into 
N02, and oxidiZing the particulate matter With N02. 

[0006] HoWever, the DPF materials (cordierite, SiC, etc.) 
currently in use are not capable of directly supporting a 
catalyst metal and, accordingly the catalyst-loaded DPF is 
usually Wash-coated With y-alumina or the like on the 
surface of the ?lter substrate so as to form a coating layer 
that supports the catalyst metal. HoWever, this constitution 
has a decreased porosity in the ?lter substrate due to the 
formation of the coating layer, resulting in very high pres 
sure loss (tWo to three times that of a ?lter substrate having 
a porosity of 50%, When the coating layer is formed) and a 
signi?cant increase in the Weight (tWo to three times that of 
a ?lter substrate having a porosity of 50%, When the coating 
layer is formed). There are also problems Where the coating 
layer reduces the thermal shock resistance due to a higher 
coef?cient of thermal expansion and impedes early devel 
opment of catalytic activity due to an increased heat capac 
ity. 

SUMMARY OF THE INVENTION 

[0007] With the background described above, an object of 
the present invention is to provide a ceramic ?lter and a 
catalyst-loaded ceramic ?lter that combine a high particulate 
collecting rate and a loW pressure loss Without compromis 
ing the high porosity of the ?lter substrate, and have loW 
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coef?cient of thermal expansion and light Weight While 
being capable of developing catalytic activity in an early 
stage. 

[0008] A ?rst aspect of the invention is a ceramic ?lter 
comprising a porous ?lter substrate formed in honeycomb 
structure, that has a number of cells separated from each 
other by porous Walls With one end of each cell being 
stopped at the inlet or outlet side in a staggered arrangement. 
The ceramic material of the ?lter substrate has one or more 
kinds of element among the constituent elements thereof 
being substituted With an element other than the constituent 
elements, so that a catalyst metal can be supported directly 
on the substituting element. 

[0009] The ceramic ?lter of the invention can directly 
support a catalyst metal on the substituting element intro 
duced into the ceramic material of the ?lter substrate, and 
therefore it is not necessary to form a coating layer of 
y-alumina. Thus, the ceramic ?lter has a higher porosity than 
that in the prior art, so that the resistance of the porous Walls 
to the gas ?oWing therethrough can be kept loW, and it is 
possible to burn and remove the collected particulate matter 
by means of the catalyst metal that is supported thereon. As 
a result, a high performance ceramic ?lter can be made that 
has a loW pressure loss, a loW coef?cient of thermal expan 
sion and has a reduced Weight and can develop a catalytic 
activity in the early stage. 

[0010] The substrate of the ceramic ?lter of the present 
invention collects the particulate matter included in the 
exhaust gas on the pores in the porous Walls. The ceramic 
?lter of the present invention can be preferably used for 
collecting the particulate matter included in the exhaust gas 
of diesel engines, and is capable of burning and removing 
the collected particulate matter by means of the catalyst 
metal that is supported thereon. 

[0011] In the ceramic ?lter of the present invention, the 
porosity of the ?lter substrate is usually set to 40% or higher. 
This makes it possible to combine a higher particulate matter 
collecting rate and a loWer pressure loss. The porosity of the 
?lter substrate is preferably set to 50% or higher, more 
preferably in a range from 40% to 80% and most preferably 
in a range from 50% to 70%. 

[0012] In the ceramic ?lter of the present invention, the 
proportion of pores measuring 100 pm or larger across is 
preferably not higher than 20% of all pores formed in the 
?lter substrate. As larger pores result in a loWer particulate 
matter collecting rate, it is better to reduce the proportion of 
pores measuring 100 pm or larger. It is more preferable to 
keep the proportion of pores measuring 70 pm or larger to 
Within 10% of all pores. 

[0013] In the ceramic ?lter of the present invention, the 
mean pore siZe of the ?lter substrate is preferably set to 50 
pm or smaller, so as to improve the particulate matter 
collecting rate While maintaining a high porosity. It is more 
preferable to set the mean pore siZe of the ?lter substrate to 
30 pm or smaller. 

[0014] In the ceramic ?lter of the present invention, the 
pores formed in the ?lter substrate preferably communicate 
With each other. This alloWs the exhaust gas to How easily 
betWeen the cells, thereby reducing the resistance to the 
?oW. 
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[0015] The ceramic ?lter of the present invention prefer 
ably uses a ceramic material that uses cordierite, as the main 
component, for the ?lter substrate. Cordierite, that has a loW 
coef?cient of thermal expansion and high resistance to 
thermal shock, is suitable as a catalyst support to be used in 
a harsh environment such as that of an automobile engine. 

[0016] In the ceramic ?lter of the present invention, one 
element or more that has a d or an f orbit in the electron 
orbits thereof is used as the element that substitutes for the 
constituent element of the ceramic material that makes the 
?lter substrate. Such elements have energy levels close to 
that of the catalyst metal and can therefore easily exchange 
electrons thereWith, so that the catalyst metal can be readily 
supported thereon. 

[0017] The catalyst-loaded ceramic ?lter of the present 
invention comprises the ceramic ?lter described above and 
a catalyst metal directly supported thereon. As the catalyst 
loaded ceramic ?lter of the present invention does not have 
a coating layer, the advantages of the ?lter substrate such as 
high particulate collecting rate, loW pressure loss, loW 
coef?cient of thermal expansion and light Weight can be 
retained and, at the same time, an excellent purifying 
performance can be achieved by continuously burning the 
particulate matter that has been collected using the catalyst 
metal directly supported thereon. 

[0018] In the catalyst-loaded ceramic ?lter of the present 
invention, a catalyst having a catalytic oxidation function is 
used as the catalyst supported on the ceramic ?lter. This 
constitution alloWs the catalyst metal to oxidiZe and burn the 
particulate matter collected in the pores of the ?lter sub 
strate, thereby purifying the exhaust gas. 

[0019] Speci?cally, a catalyst that can directly oxidiZe and 
burn the particulate matter included in the introduced 
exhaust gas can be used as the catalyst metal. Alternatively, 
a catalyst may be used that oxidiZes nitrogen oxide included 
in the introduced exhaust gas so that the particulate matter 
is oxidiZed and burned by the oxidiZed nitrogen oxide. 

[0020] In the catalyst-loaded ceramic ?lter of the present 
invention, the catalyst metal can be supported directly on the 
substituting element through chemical bonding. Chemical 
bonding of the catalyst metal With the substituting element 
results in higher catalyst retention performance than in the 
ordinary catalyst supporting con?guration Where catalyst 
metal particles are supported in pores formed in the porous 
coating layer. This con?guration also has the advantage that 
the catalyst deteriorates less over a long period of use, 
because the catalyst metal can be uniformly distributed over 
the support and is less likely to coagulate. 

[0021] The catalyst-loaded ceramic ?lter of the present 
invention preferably uses, as the catalyst metal, one or more 
element selected from among Pt, Pd, Rh, Ir, Ti, Cu. Ni, Fe, 
Co, W, Au, Ag, Ru, Mn, Cr, V and Se. These metals can 
chemically bond With the substituting element introduced 
into the cordierite or the like, that constitutes the ?lter 
substrate, and function as an oxidiZing catalyst that continu 
ously burns the collected particulate matter. 

[0022] According to a second aspect of the invention, a 
porous ?lter substrate is formed in a honeycomb con?gu 
ration, and a number of cells separated from each other by 
porous Walls are formed, With the end of each cell being 
stopped at the inlet or outlet side in a staggered arrangement. 
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The ceramic material of the ?lter substrate has numerous 
pores that can support the catalyst directly on the surfaces 
thereof. 

[0023] According to the present invention, the ?lter sub 
strate may have multitude of pores that can directly support 
the catalyst on the ceramic surface, so that it is not necessary 
to form a coating layer of y-alumina to support the catalyst 
component in the pores. Thus the ceramic ?lter has a higher 
porosity than the prior art so that the resistance of the porous 
Walls to the gas ?oWing therethrough can be kept loW, and 
the effect of burning and removing the collected particulate 
matter, by means of the catalyst metal that is supported 
thereon, can be achieved. As a result, a high performance 
ceramic ?lter can be made that has a loW pressure loss and 
a loW coef?cient of thermal expansion, is loW in Weight and 
develops the catalyst activity in the early stage. 

[0024] The pores consist of at least one kind of defects in 
the ceramic crystal lattice, microscopic cracks in the ceramic 
surface or a de?ciency of elements that constitute the 
ceramic material. The Width of the microscopic cracks is 
preferably 100 nm or less in order to ensure mechanical 
strength of the catalyst support. 

[0025] The pores have lateral dimension preferably 1000 
times or less as large as the diameter of the catalyst ion to 
be supported thereon, in order to be capable of supporting 
the catalyst component. In this case, the catalyst component 
of comparable amount as in the prior art can be supported 
When the density of pores is 1><1011/L or higher. 

[0026] The ?lter substrate is preferably made of a ceramic 
material including cordierite as the main component, While 
the pores may consist of defects formed by substituting a 
part of the constituent elements of cordierite With a metal 
element that has a different value of valence. Cordierite that 
has a high resistance to thermal shock is suitable as a catalyst 
support for automobile exhaust gas. 

[0027] Preferably the defects consist of at least one kind of 
oxygen defect or lattice defect. A catalyst component of a 
comparable amount as in the prior art can be supported When 
cordierite crystals that have one or more defect per one unit 
crystal cell are included in the ceramic in a concentration of 
4x10_6% or higher. 

[0028] The catalyst-loaded ceramic ?lter of the present 
invention preferably comprises the ceramic ?lter described 
above and a catalyst metal directly supported thereon. As the 
catalyst-loaded ceramic ?lter of the present invention does 
not have a coating layer, the advantages of the ?lter sub 
strate, such as high particulate collecting rate, loW pressure 
loss, loW coef?cient of thermal expansion and light Weight, 
can be retained and, at the same time, an excellent purifying 
performance can be achieved by continuously burning the 
particulate matter that has been collected by the catalyst 
metal directly supported thereon. 

[0029] Further, in the catalyst-loaded ceramic ?lter 
described above, a catalyst having a catalytic oxidation 
function is used as the catalyst supported on the ceramic 
?lter. This constitution alloWs the catalyst metal to oxidiZe 
and burn the particulate matter collected in the pores of the 
?lter substrate, thereby to purify the exhaust gas. 

[0030] Speci?cally, a catalyst that can directly oxidiZe and 
burn the particulate matter included in the introduced 
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exhaust gas can be used as the catalyst metal. Alternatively, 
such a catalyst may be used that oxidizes nitrogen oxide 
included in the introduced exhaust gas so that the particulate 
matter is oxidiZed and burned by the oxidiZed nitrogen 
oxide. 

[0031] In the catalyst-loaded ceramic ?lter of the present 
invention, the catalyst metal is preferably supported directly 
in the pores by physical adsorption. Physical adsorption also 
results in higher catalyst retention performance than in the 
ordinary catalyst supporting con?guration Where catalyst 
metal particles are supported in pores formed in the porous 
coating layer. This con?guration also has the advantage that 
the catalyst deteriorates less over a long period of use, 
because the catalyst metal can be uniformly distributed over 
the support and is less likely to coagulate. 

[0032] The catalyst-loaded ceramic ?lter of the present 
invention uses, as the catalyst metal, one or more metal 

selected from among Pt, Pd, Rh, Ir, Ti, Cu, Ni, Fe, Co, W, 
Au, Ag, Ru, Mn, Cr, V and Se. These metals can chemically 
bond With the substituting element introduced into the 
cordierite or the like, that constitutes the ?lter substrate, and 
function as oxidiZing catalysts so as to continuously burn the 
collected particulate matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1(a) is a schematic sectional vieW of a 
catalyst-loaded DPF of the present invention, and FIG. 1(b) 
is an enlarged vieW of portion A in FIG. 1(a). 

[0034] FIG. 2 is a schematic sectional vieW of a catalyst 
loaded DPF of the prior art as a Whole. 

[0035] FIG. 3(a) is a sectional vieW of a catalyst-loaded 
DPF of the present invention Where the catalyst is supported 
With a uniform density in the porous Walls, and FIG. 3(b) is 
an enlarged vieW of a key portion When the catalyst is locally 
concentrated near the surfaces of the porous Walls. 

[0036] FIG. 4(a) shoWs the relationship betWeen porosity 
and pressure loss in the catalyst-loaded DPF, and FIG. 4(b) 
shoWs the relationship betWeen porosity and particulate 
matter collecting rate. 

[0037] FIG. 5(a) shoWs the relationship betWeen pore siZe 
and volumetric distribution, and FIG. 5(b) shoWs the par 
ticulate matter collecting rates of the catalyst-loaded DPFs 
having different pore distributions. 

[0038] FIG. 6 shoWs the relationship betWeen mean pore 
siZe and the particulate matter collecting rates of the cata 
lyst-loaded DPF. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] The present invention applied to a catalyst-loaded 
?lter for collecting particulate matter of diesel engine (here 
inafter called DPF) Will be described beloW, by Way of an 
example, With reference to the accompanying draWings. 
FIG. 1(a) is a schematic diagram shoWing the catalyst 
loaded DPF 1 of the present invention, Wherein a ?lter 
substrate 2 is made of a porous ceramic material that is 
formed in honeycomb shape having a number of cells 22 that 
are separated from each other by porous Walls 21. The cells 
are formed parallel to the direction of the exhaust gas ?oW 
(indicated by arroW in the draWing) so that cells 22 that 
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adjoin each other have ends stopped With plugs at the inlet 
or outlet side in a staggered arrangement 

[0040] The porous Wall 21 has continuous pores 4 running 
betWeen ceramic grains 3 as shoWn in FIG. 1(b). Accord 
ingly, exhaust gas introduced into the catalyst-loaded DPF 1 
through an inlet 11 ?oWs through the porous Wall 21 
betWeen the cells 22 toWard an outlet 12. During this 
process, particulate matter introduced together With the 
exhaust gas is collected in the pores 4 in the porous Walls 21. 
Exhaust gas cleared of the particulate matter is discharged 
through the outlet 12 to the outside. 

[0041] The ceramic material that makes the ?lter substrate 
2 has one or more kinds of element among the constituent 
elements thereof being substituted With element other than 
the constituent elements, so that a catalyst metal 5 can be 
supported directly on the substituting element. As the 
ceramic material described above, one based on cordierite 
that has a theoretical composition of 2MgO.2Al2O3.5SiO2 is 
preferably used as the main component. Instead of cordier 
ite, other ceramic materials such as alumina, spinel, alumi 
num titanate, silicon carbide, mullite, silica-alumina, Zeolite, 
Zirconia, silicon nitride and Zirconium phosphate may also 
be used. 

[0042] For the element that substitutes the constituent 
element (Si, Al or Mg, for example, in the case of cordierite) 
of the ceramic material that makes the ?lter substrate 2, an 
element is used that has a higher strength of bonding With 
the catalyst metal to be supported than the constituent 
element, and is capable of supporting the catalyst metal 5 
through chemical bonding. Speci?cally, the substituting 
element may be one or more kind of element that is different 
from the constituent elements and has d or f orbit in the 
electron orbits thereof. Preferably used is an element that has 
an empty orbit in the d or f orbit or that has tWo or more 
oxidation states. An element that has empty orbit in the d or 
f orbit has energy level near that of the catalyst element 
being supported, Which means a higher tendency to 
exchange electrons so as to bond With the catalyst metal. An 
element that has tWo or more oxidation states also has higher 
tendency to exchange electrons and provides the same effect. 

[0043] Elements that have an empty orbit in the d or f orbit 
include Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, 
Hf, Ta, W, Re, Os, Ir and Pt, of Which one or more element 
selected from among Ti, V, Cr, Mn, Fe, Co, Ni, Zr, Mo, Ru, 
Rh, W, Ce, Ir and Pt is preferably used. Among the elements 
described above, Ti, V, Cr, Mn, Fe, Co, Ni, Nb, Mo, Tc, Ru, 
Rh, Ce, Pr, Eu, Tb, Ta, W, Re, Os, Ir and Pt also have tWo 
or more stable oxidation states. 

[0044] Besides these, elements Which have tWo or more 
oxidation states include Cu, Ga, Ge, As, Se, Br, Pd, Ag, In, 
Sn, Sb, Te, I, Yb and Au. Among these, one or more selected 
from among Cu, Ga, Ge, Se, Pd, Ag and Au is preferably 
used. 

[0045] When constituent element of the ceramic material 
is substituted With these elements, from 1% up to 50% of the 
atoms of the target constituent element are substituted by the 
substituting element. When one of the constituent elements 
is substituted With a plurality of substituting elements, the 
total number of substituted atoms is controlled Within the 
above range. When the proportion of substituted atoms is 
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less than 1%, the substitution cannot produce a suf?cient 
effect. The proportion higher than 50% results in greater 
in?uence on the crystal structure of the ceramic material, 
and is not desirable. Preferably, the proportion is controlled 
in a range from 5% to 20%. 

[0046] Part of the constituent element of the ceramic 
material that makes the ?lter substrate 2 can be substituted 
in the folloWing procedure. First, before preparing the stock 
material for the ceramic, the quantity of material that sup 
plies the constituent element to be substituted is reduced in 
accordance to the extent of substitution, and the material that 
supplies the substituting element is added and mixed by a 
common method. The mixture is formed into honeycomb 
structure by the extrusion molding process. The preform is 
dried and ?red in an air atmosphere. Alternatively, the stock 
material for the ceramic prepared by reducing the quantity of 
material that supplies the constituent element to be substi 
tuted may be mixed, formed into honeycomb structure and 
dried, With the honeycomb preform being immersed in a 
solution that includes the substituting element before being 
dried, then degreased and ?red in air atmosphere. In case the 
substituting element is supported on the dried ?lter substrate 
rather than being mixed into the ceramic material, a larger 
number of atoms of the substituting element are deposited 
near the surface of the preform and, as a result, substitution 
of the element occurs near the surface of the perform When 
?ring, thus making it easier to form a solid solution. 

[0047] The porosity of the ?lter substrate 2 is set to 40% 
or higher, and preferably 50% or higher. When the porosity 
is less than 40%, the pressure loss becomes excessive. 
Although the pressure loss decreases as the porosity 
increases, too high a porosity results in a loW particulate 
matter collecting rate. Therefore, the porosity is preferably 
in a range from 40 to 80%, more preferably in a range from 
50 to 70%. Also the proportion of pores measuring 100 pm 
cross or larger is preferably not higher than 20% of all pores 
formed in the ?lter substrate 2, and more preferably the 
proportion of pores measuring 70 pm across or larger is not 
higher than 10% of all pores. When the siZe of the pores 4 
is larger than 100 pm, particulate matter passes through the 
porous Wall 21 resulting in loWer particulate matter collect 
ing rate. Mean pore siZe of the ?lter substrate 2 is preferably 
set to 50 pm or smaller, more preferably 30 pm or smaller, 
so as to improve the particulate matter collecting rate While 
maintaining a loW pressure loss that is achieved by a high 
porosity. 

[0048] In order to form the pores 4 of the speci?ed siZe in 
the speci?ed porosity in the ?lter substrate 2, the stock 
material to make the ceramic is prepared by adding an 
organic foaming agent that expands at a temperature beloW 
100° C., and a combustible material such as carbon that 
burns at a temperature loWer than the ?ring temperature. The 
organic foaming agent and the combustible material are 
burned and lost in the process of ?ring the honeycomb 
preform, leaving vacancies that constitute the pores 4. Thus 
the porosity and the pore siZe can be controlled by regulating 
the quantity of the additives and the particle siZe of the 
ceramic material. Preferably, quantity of the organic foam 
ing agent and the combustible material combined is con 
trolled in a range from 5 to 50% by Weight of the ceramic 
material. The mean pore siZe becomes too small When the 
total quantity is less than 5%, and too large When the total 
quantity exceeds 50%. 
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[0049] For the catalyst metal 5 supported by the ?lter 
substrate 2, for example, one or more metal selected from 
among Pt, Pd, Rh, Ir, Ti, Cu, Ni, Fe, Co, W, Au,Ag, Ru, Mn, 
Cr, V and Se is used. These metals chemically bond With the 
substituting element introduced into the ceramic material 
that constitutes the ?lter substrate 2, and a function as an 
oxidiZing catalyst that continuously burns the particulate 
matter that has been collected in the pores 4. Alternatively, 
nitrogen oxide (NO) included in the exhaust gas may be 
oxidiZed into N02, so that the particulate matter is oxidiZed 
and burned by the nitrogen oxide (N02) that has been 
oxidiZed. 

[0050] To deposit the catalyst metal 5 on the ?lter sub 
strate 2, such a solution is usually used that is prepared by 
dissolving a compound of the catalyst metal 5 into a solvent 
such as Water or alcohol. The ?lter substrate 2 is impreg 
nated With this solution and is then dried and ?red in air 
atmosphere. The ?ring temperature is required only to be not 
loWer than the temperature at Which the compound of the 
catalyst metal is thermally decomposed, and may be set in 
accordance to such factors as the catalyst metal and the 
compound to be used. It is preferable to ?re at a loWer 
temperature since it makes the metal particle siZe produced 
by thermal decomposition smaller, and causes the metal 
particles to be highly dispersed over the support. 

[0051] When tWo or more kinds of catalyst metal are used 
in combination, the ceramic preform may be immersed in a 
solution that includes the plurality of catalyst metals. In case 
Pt and Rh are used as the catalyst metals, for example, the 
preform may be immersed in a solution that includes the 
compounds of these metals, and is then dried and ?red in an 
air atmosphere. 

[0052] The ceramic material that constitutes the ?lter 
substrate 2 may also have numerous pores on the surface 
thereof Wherein the catalyst are directly supported. As the 
catalyst ion to be supported typically has diameter of about 
0.1 nm, the catalyst ions can be supported in the pores 
formed in the cordierite surface, provided that the pores are 
larger than 0.1 nm across. In order to keep the ceramic 
support strong enough, preferably the pores are as small as 
possible, and are Within 1000 times (100 nm) the diameter 
of the catalyst ion. The depth of the pores is set to not less 
than 1.2 times (0.05 nm) the lateral siZe in order to retain the 
catalyst ion. In order to support a quantity of catalyst 
component comparable to that in the prior art (1.5 g/L) in the 
pores of this siZe, the density of the pores is set to 1><1011/L 
or higher, preferably 1><1016/L or higher, and more prefer 
ably 1><1017/L or higher. 

[0053] Pores can be formed in the ceramic support, at a 
density not less than the value described above, When 
cordierite crystals that have one or more defects, either 
oxygen defect or lattice defect or both, per one unit crystal 
cell, are included in the ceramic material in a concentration 
of 4><10_6% or higher, preferably 4><10_5% or higher, or 
When oxygen defects and/or lattice defects are included at a 
density of 4x10‘8 per one unit crystal cell of cordierite or 
higher, preferably 4><10_7 or higher. Details of the pores and 
method for forming the same Will be described beloW. 

[0054] Among the pores formed in the ceramic surface, 
defects of the crystal lattice include oxygen defects and 
lattice defects (metal lattice vacancy and lattice strain). 
Oxygen defects are caused by a de?ciency of oxygen 
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required to form the ceramic crystal lattice, and the catalyst 
component can be supported in the pores produced by the 
vacancy of oxygen. Lattice defects are caused When more 
oxygen is introduced than is required to form the ceramic 
crystal lattice, and the catalyst component can be supported 
in the pores produced by crystal lattice strain or metal lattice 
vacancy. 

[0055] Oxygen defects can be formed in the crystal lattice 
by employing any of the folloWing methods in the ?ring 
process after molding the ceramic material for forming 
cordierite that includes an Si source, an Al source and an Mg 
source: (D to decrease the pressure of the ?ring atmosphere 
or make it a reducing atmosphere; @ to use a compound, 
that does not include oxygen, for at least a part of the stock 
material, and ?re the material in loW oxygen concentration 
atmosphere thereby causing oxygen de?ciency in the ?ring 
atmosphere or in the starting material; or to substitute a part 
of at least one kind of the constituent elements of the 
ceramic material except for oxygen With an element that has 
a loWer value of valence than that of the substituted element. 
As the constituent elements turn to positive ions such as Si 
(4+), Al (3+) and Mg (2+) in the case of cordierite, substi 
tuting these elements With an element that has loWer value 
of valence results in a shortage of positive charge of an 
amount corresponding to the difference in the value of 
valence betWeen the substituted and substituting elements. 
Thus oxygen defects are formed by discharging O (2-) 
having a negative charge thereby to maintain the electrical 
neutrality of the crystal lattice. 

[0056] Lattice defects can be formed by @ substituting a 
part of the constituent elements of the ceramic material 
except for oxygen With an element that has a higher value of 
valence than that of the substituted element. When at least a 
part of Si, Al and Mg that are constituent elements of 
cordierite is substituted With an element that has a higher 
value of valence than that of the substituted element, an 
excessive positive charge is produced of an amount corre 
sponding to the difference in the value of valence betWeen 
the substituted and substituting elements and the amount of 
substitution. Thus a required amount of O (2-) having 
negative charge is taken in so as to maintain the electrical 
neutrality of the crystal lattice. The oxygen that has been 
introduced prevents the cordierite crystal lattice being 
formed orderly, thereby forming lattice strain. Electrical 
neutrality may also be maintained by discharging a part of 
Si, Al and Mg so as to leave vacancies to be formed. In this 
case, a ?ring process is carried out in air atmosphere, so that 
sufficient supply of oxygen is provided. The defects 
described above are considered to be as small as several 
angstroms or less, and therefore cannot be counted When 
measuring the speci?c surface area by a common method 
such as the BET method that uses nitrogen molecules. 

[0057] The number of oxygen defects and lattice defects is 
correlated to the amount of oxygen included in the cordier 
ite. In order to support the catalyst component of the 
required quantity described above, the proportion of oxygen 
is controlled to be less than 47% by Weight (oxygen defect) 
or higher than 48% by Weight (lattice defect). When the 
proportion of oxygen becomes less than 47% by Weight due 
to the formation of oxygen defects, the number of oxygen 
atoms included in one unit crystal cell of cordierite becomes 
less than 17.2, and the lattice constant of the bO axis of the 
cordierite crystal becomes less than 16.99. When the pro 
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portion of oxygen becomes higher than 48%, by Weight, due 
to the formation of lattice defects, the number of oxygen 
atoms included in one unit crystal cell of cordierite becomes 
larger than 17.6, and lattice constant of the b0 axis of the 
cordierite crystal becomes larger or less than 16.99. 

[0058] Among the pores that can support catalyst, micro 
scopic cracks in the ceramic surface can be formed in a great 
number in at least one of an amorphous phase and a crystal 
phase by applying thermal shock or acoustic shock Waves to 
the cordierite. For the cordierite structure to have suf?cient 
strength, it is better to make the cracks smaller, about 100 
nm or less in Width, and preferably about 10 nm or less. 

[0059] Thermal shock is usually applied by heating the 
cordierite structure and then quenching it. The thermal shock 
may also be applied after an amorphous phase and a crystal 
phase have been formed in the cordierite structure, by a 
method of heating to a predetermined temperature and then 
quenching a cordierite honeycomb structure formed by 
?ring process after molding and degreasing the ceramic 
material for forming cordierite that includes an Si source, an 
Al source and an Mg source, or quenching from a prede 
termined temperature in the process of cooling the ?red 
honeycomb structure. Thermal shock for generating cracks 
can be produced When the difference betWeen the heating 
temperature and the temperature after quenching (impact 
temperature difference) is about 80° C. or higher, With the 
cracks becoming larger as the temperature difference 
becomes larger. HoWever, since too large cracks make it 
dif?cult to maintain the shape of the honeycomb structure, 
the impact temperature difference should usually be not 
higher than about 900° C. 

[0060] The amorphous phase of the cordierite exists in the 
form of layers around the crystal phase. When thermal shock 
is applied by heating the cordierite and then quenching, 
thermal stress is generated in the interface betWeen the 
amorphous phase and the crystal phase, the magnitude of the 
thermal stress being determined by the difference in the 
coef?cient of thermal expansion betWeen the amorphous 
phase and the crystal phase and the impact temperature 
difference. Microscopic cracks are generated When the 
amorphous phase or the crystal phase cannot Withstand the 
thermal stress. The number of microscopic cracks to be 
generated can be controlled by means of the proportion of 
the amorphous phase. The number of cracks can be 
increased by adding an increased amount of such a trace 
component of the material that is thought to contribute to the 
formation of amorphous phase (alkali metal, alkali earth 
metal, etc.). Acoustic shock Waves such as ultrasound or 
vibration may also be used instead of thermal shock. Micro 
scopic cracks are generated When a Weaker portion of the 
cordierite structure cannot Withstand the energy of acoustic 
shock Waves. In this case, the number of microscopic cracks 
to be generated can be controlled by regulating the energy of 
the acoustic shock Wave. 

[0061] Among the pores that can support the catalyst, 
de?ciencies of the constituent elements of the ceramic 
material are generated by eluting the constituent elements of 
cordierite or impurity by a liquid phase process. For 
example, element de?ciency can be generated by eluting 
metallic elements such as Mg orAl included in the cordierite 
crystal, alkali metal element or alkali earth element included 
in the amorphous phase, or the amorphous phase itself into 
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high-temperature, high-pressure Water, supercritical Water, 
alkali solution or another solution, so that the element 
de?ciencies make microscopic pores that support catalyst. 
De?ciencies can also be formed chemically or physically in 
the gas phase process. For example, dry etching may be used 
as a chemical process, and sputtering can be employed as a 
physical process, Where the number of pores generated can 
be controlled by regulating the duration of etching or energy 
supply. 

[0062] As an example of the manufacturing method for the 
catalyst-loaded DPF 1 of the present invention, a method for 
depositing the catalyst metal 5 Will be described beloW 
Where cordierite, that has a part of A1 of the constituent 
element thereof being substituted, is used as the ceramic 
material making the ?lter substrate 2. ordinary materials 
such as talc (a ceramic material based on MgO.SiO2), 
molten silica (a ceramic material based on SiOZ), aluminum 
hydroxide (Al(OH)3), alumina (A1203) and kaolin (a 
ceramic material based on SiO2.Al2O3) are used, With the Al 
content being reduced by 5 to 60% of the total moles, as the 
material to form cordierite. As molten silica decomposes in 
the ?ring process and aluminum hydroxide loses Water of 
crystalliZation thereof through evaporation, pores can be 
easily formed. Thus the ?lter substrate 2 having a high 
porosity can be made by using these materials. 

[0063] An organic foaming agent and carbon are added to 
the material described above, in a proportion from 5 to 50% 
by Weight and the material is mixed in a common process 
and formed in honeycomb shape by extrusion molding, With 
the preform being dried by heating to about 80 to 100° C. 
The organic foaming agent expands in this drying process. 
Then the dried preform is immersed in a solution including 
WO3 and CoO that are compounds of the substituting 
element W and Co. The preform taken out of the solution is 
dried With a large amount of substituting elements deposited 
on the surface of the honeycomb structure, and is degreased 
at about 900° C. in air atmosphere, before being heated at a 
rate of 5° C./hr to 75° C./hr and ?red at a temperature of 
about 1300 to 1390° C. In this process, the organic foaming 
agent and carbon are lost by burning, resulting in the ?lter 
substrate 2 that has the pores 4. 

[0064] Then the catalyst metal 5 is deposited on the ?lter 
substrate 2 that has been made as described above, thereby 
to produce the catalyst-loaded DPF 1 of the present inven 
tion. First, a compound of the catalyst metal 5 (for example, 
nitrate, hydrochloride, acetate or the like of a noble metal) 
is dissolved in a solvent such as Water, and stirred to attain 
uniform concentration. The ?lter substrate 2 is immersed in 
this catalyst solution. The ?lter substrate 2 taken out of the 
solution is dried in an air How and ?red at a temperature in 
a range from about 500° C. to 900° C. so as to ?x the catalyst 
metal 5 on the support. The particle siZe of the catalyst metal 
5 is in a range from 0.5 nm to 30 nm, and preferably in a 
range from 1 nm to 10 nm. The quantity of the catalyst 
supported on the substrate is preferably 0.5 g/L (for 
example, 4.45><1019 pieces/L in the case of 1 nm Pt particles) 
or more. 

[0065] The catalyst-loaded DPF 1, of the present inven 
tion, made as described above has the catalyst metal 5 
directly supported on the ceramic material of the ?lter 
substrate 2. Therefore, a catalytic function can be given to 
the DPF While maintaining the high porosity and loW 
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pressure loss of the ?lter substrate 2. By properly setting the 
maximum pore siZe, mean pore siZe and other parameters, it 
is possible to achieve a high particulate collecting rate, burn 
the collected particulate matter continuously and purify the 
exhaust gas ef?ciently. Moreover, the DPF has excellent 
characteristics in that it is lighter in Weight, has loWer 
coef?cient of thermal expansion, higher thermal shock resis 
tance and loWer heat capacity compared to the catalyst 
loaded DPF of the prior art, and is capable of developing the 
catalyst activation in the early stage. 

[0066] In contrast, the catalyst-loaded DPF of the prior art 
has the coating layer of y-alumina formed on the surface of 
ceramic particles as shoWn in FIG. 2. As a result, porosity 
becomes loWer, pressure loss becomes higher and the coat 
ing layer results in a Weight increase, thus leading to a higher 
coef?cient of thermal expansion and a higher heat capacity. 

[0067] Table 1 compares the Weight and pressure loss 
betWeen the catalyst-loaded DPF 1 of the present invention 
(porosity of 60% and mean pore siZe of 25 pm) made by the 
method described above, and the catalyst-loaded DPF of the 
prior art made by Wash coating of y-alumina on cordierite. 
Pressure loss Was measured on a DPF, having a volume of 
1500 cc, cells With Wall thickness of 300 pm and cell density 
of 300 cpsi, that Was installed on a diesel engine having 
displacement of 2200 cc and running at 2000 rpm With a 
torque of 100 Nm. 

TABLE 1 

Catalyst-loaded DPF 
of the invention 

Catalyst-loaded DPF 
of the prior art 

Weight of Wash coat 0 g/L 100 g/L 
Weight reduction —150 g 0 g 
Pressure loss 1.0 kPa 3.0 kPa 

[0068] As Will be clear from Table 1, the catalyst-loaded 
DPF 1 of the present invention is lighter than the catalyst 
loaded DPF of the prior art by 150 g and experiences greatly 
reduced pressure loss of 1.0 kPa, compared to that of 3.0 kPa 
in the case of the catalyst-loaded DPF of the prior art. 

[0069] The catalyst-loaded DPF 1 made by the method 
described above has the catalyst metal 5 supported uni 
formly in the porous Walls 21 as shoWn in FIG. 3(a). This 
constitution has an advantage of the capability to burn the 
particulate matter uniformly. 

[0070] Alternatively, the catalyst metal 5 may also be 
supported in the porous Walls 21 While being concentrated 
near the surface as shoWn in FIG. 3(b). This constitution has 
an advantage of the capability to oxidiZe NO near the surface 
so as to burn the particulate matter, that has been collected 
in the porous Walls 21, by means of NO2 generated by the 
oxidation. This constitution is preferably employed in the 
upstream region. 
[0071] In order to concentrate the catalyst metal 5 near the 
surface, the inner surface of the porous Walls 21 is coated 
With a resin before immersing the ?lter substrate 2 in the 
catalyst solution, and then the catalyst metal 5 is deposited 
by a method similar to that described previously. The 
catalyst solution cannot Wet the inside of the porous Walls 21 
because it is covered by the resin, and therefore the catalyst 
metal 5 is deposited only on the surface of the porous Walls 
21. 
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[0072] Various catalyst-loaded DPFs 1 having different 
porosities Were made by the method described above, and 
the variation in the pressure loss and particulate collecting 
rate With changes in the porosity Were studied. FIG. 4(a) 
shoWs the relationship betWeen the porosity and the pressure 
loss and FIG. 4(b) shoWs the relationship betWeen the 
porosity and the particulate matter collecting rate. Measur 
ing conditions Were as folloWs. 

[0073] 
long 

[0074] 
[0075] 
[0076] 
[0077] Timing of measurement: When 2 grams of par 

ticulate matter has been collected 

[0078] As Will be clear from FIG. 4(a), the pressure loss 
increases as the porosity becomes loWer, the pressure loss 
being 2.4 kPa When the porosity is 40%, and the pressure 
loss being 2.2 kPa When the porosity is 50%. FIG. 4(b) also 
shoWs that particulate collecting rate begins to decrease 
When the porosity eXceeds 55%, the particulate collecting 
rate is 85% When the porosity is 70%, and the particulate 
collecting rate is 80% When the porosity is 80%. Therefore 
both the pressure loss and the particulate collecting rate can 
be maintained at satisfactory levels When the porosity is set 
in a range from 40% to 80%, preferably from 50% to 70%. 

[0079] Three kinds (A, B, C) of catalyst-loaded DPFs 1 
having different pore distributions Were made by the method 
described above, and the variation in the particulate matter 
collecting rate Was studied With the results shoWn in FIGS. 
5(a) and 5(b). FIG. 5(a) shoWs the relationship betWeen the 
pore siZe and volume distribution, and FIG. 5(b) shoWs the 
particulate matter collecting rates of the catalyst-loaded 
DPFs A, B and C. Measuring conditions Were the same as 
those of FIG. 4. As Will be clear from FIGS. 5(a) and 5(b), 
particulate matter collecting rate increases as the proportion 
of small pores increases. For eXample, the catalyst-loaded 
DPF C that includes a relatively high proportion of pores 4 
measuring 100 pm and larger shoWs a particulate collecting 
rate less than 90%, While the catalyst-loaded DPF B that 
hardly includes pores 4 measuring 100 pm or larger and 
includes a loW proportion of pores 4 measuring 70 pm and 
larger shoWs a particulate collecting rate higher than 92%. 
The catalyst-loaded DPF A of Which pores mostly measure 
40 pm or smaller With a very small proportion of pores 4 
measuring 70 pm and larger shoWs the highest particulate 
collecting rate of 99% or higher. 

Support siZe: 129 mm in diameter and 150 mm 

Cell Wall thickness: 12 mil (300 pm) 

Number of cells: 300 cells per square inch 

Air ?oW rate: 5000 NL/min. 

[0080] Based on the results described above, a particulate 
collecting rate of 80% or higher can be achieved When the 
proportion of pores 4 measuring 100 pm and larger is not 
higher than 20% of all the pores included in the ?lter 
substrate 2, and a particulate collecting rate of 90% or higher 
can be achieved When the proportion of pores 4 measuring 
70 pm and larger is 10% or less of all the pores included in 
the ?lter substrate 2. 

[0081] FIG. 6 shoWs the relationship betWeen the mean 
pore siZe and the particulate collecting rate of the catalyst 
loaded DPFs 1 having different mean pore siZes made by the 
method described above. Measuring conditions Were the 
same as those of FIGS. 4(a) and 4(b). As Will be clear from 
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FIG. 6, the particulate collecting rate begins to decrease 
When the mean pore siZe eXceeds 20 pm, and the particulate 
collecting rate becomes loWer than 90% When the mean pore 
siZe eXceeds 30 pm. When the mean pore siZe is 50 pm, the 
particulate collecting rate becomes about 80%. Therefore a 
particulate collecting rate of 80% or higher can be achieved 
When the mean pore siZe is 50 pm or smaller, and a 
particulate collecting rate of 85% or higher can be achieved 
When the mean pore siZe is 30 pm or smaller. 

What is claimed is: 
1. A ceramic ?lter comprising a porous ?lter substrate 

formed in a honeycomb structure that has a number of cells 
separated from each other by porous Walls, With one end of 
each cell being stopped at the inlet or outlet side thereof in 
a staggered arrangement, Wherein the ceramic material of 
said ?lter substrate has one or more kinds of element among 
the constituent elements thereof being substituted With an 
element other than the constituent elements, so that a cata 
lyst metal can be supported directly on said substituting 
element. 

2. The ceramic ?lter according to claim 1, Wherein said 
?lter substrate collects particulate matter, that is included in 
a gas introduced thereto, in pores of said porous Walls. 

3. The ceramic ?lter according to claim 1, Wherein the 
porosity of said ?lter substrate is 40% or higher. 

4. The ceramic ?lter according to claim 1, Wherein the 
porosity of said ?lter substrate is 50% or higher. 

5. The ceramic ?lter according to claim 1, Wherein the 
porosity of said ?lter substrate is from 40% up to 80%. 

6. The ceramic ?lter according to claim 1, Wherein the 
porosity of said ?lter substrate is from 50% up to 70%. 

7. The ceramic ?lter according to claim 1, Wherein the 
proportion of pores measuring 100 pm and larger across is 
not higher than 20% of all the pores included in said ?lter 
substrate. 

8. The ceramic ?lter according to claim 1 Wherein the 
proportion of pores measuring 70 pm and larger across is not 
higher than 10% of all the pores included in said ?lter 
substrate. 

9. The ceramic ?lter according to claim 1, Wherein the 
mean pore siZe of said ?lter substrate is 50 pm or smaller. 

10. The ceramic ?lter according to claim 1, Wherein the 
mean pore siZe of said ?lter substrate is 30 pm or smaller. 

11. The ceramic ?lter according to claim 1, Wherein pores 
of said ?lter substrate communicate With each other. 

12. The ceramic ?lter according to claim 1, Wherein the 
ceramic material of said ?lter substrate includes cordierite as 
the main component. 

13. The ceramic ?lter according to claim 1, Wherein the 
substituting element that substitutes said constituent element 
is one or more kinds of elements that have d or f orbits in the 
electron orbits thereof. 

14. A catalyst-loaded ceramic ?lter that has a catalyst 
metal supported directly on said ceramic ?lter of claim 1. 

15. The catalyst-loaded ceramic ?lter according to claim 
14 Wherein said catalyst metal has a catalytic oxidation 
function. 

16. The catalyst-loaded ceramic ?lter according to claim 
15, Wherein said catalyst metal either directly oXidiZes the 
particulate matter included in the gas introduced therein or 
oXidiZes nitrogen oXide included in said gas. 

17. The catalyst-loaded ceramic ?lter according to claim 
14, Wherein said catalyst metal is directly supported on the 
substituting element through chemical bond. 
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18. The catalyst-loaded ceramic ?lter according to claim 
14, wherein said catalyst metal is one or more kind of metal 
selected from among Pt, Pd, Rh, Ir, Ti, Cu, Ni, Fe, Co, W, 
Au, Ag, Ru, Mn, Cr, V and Se. 

19. A ceramic ?lter comprising a porous ?lter substrate 
formed in a honeycomb structure that has a number of cells 
separated from each other by porous Walls, With one end of 
each cell being stopped at the inlet or outlet side thereof in 
a staggered arrangement, Wherein said ?lter substrate has 
numerous pores in the ceramic surface, so that a catalyst 
metal can be supported directly in said pores. 

20. The ceramic ?lter according to claim 19, Wherein said 
pores comprise at least one kind selected from among 
defects in the ceramic crystal lattice, microscopic cracks in 
the ceramic surface and de?ciencies in the elements that 
constitute the ceramic material. 

21. The ceramic ?lter according to claim 20, Wherein said 
microscopic cracks are 100 nm or less in Width. 

22. The ceramic ?lter according to claim 20, Wherein said 
pores have lateral dimension preferably 1000 times or less as 
large as the diameter of the catalyst ion to be supported 
therein, and the density of the pores is 1><1011/L or higher. 

23. The ceramic ?lter according to claim 20, Wherein said 
ceramic material includes cordierite as the main component, 
and said pores comprise defects that are formed by substi 
tuting a part of the constituent elements of cordierite With a 
metal element that has different value of valence. 
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24. The ceramic ?lter according to claim 23, Wherein said 
defects comprise at least one kind of oXygen defects or 

lattice defects, and cordierite crystals that have one or more 
defects per one unit crystal cell are included in the ceramic 
material in a concentration of 4x10_6% or higher. 

25. A catalyst-loaded ceramic ?lter comprising the 
ceramic ?lter of claim 19 that supports the catalyst metal 
directly thereon. 

26. The catalyst-loaded ceramic ?lter according to claim 
25, Wherein said catalyst metal has a catalytic oxidation 
function. 

27. The catalyst-loaded ceramic ?lter according to claim 
26, Wherein said catalyst metal either directly oXidiZes the 
particulate matter included in the gas introduced therein or 
oXidiZes nitrogen oXide included in said gas. 

28. The catalyst-loaded ceramic ?lter according to claim 
25, Wherein said catalyst metal is directly supported in said 
pores through physical adsorption. 

29. The catalyst-loaded ceramic ?lter according to claim 
25, Wherein said catalyst metal is one or more kind of metal 
selected from among Pt, Pd, Rh, Ir, Ti, Cu, Ni, Fe, Co, W, 
Au, Ag, Ru, Mn, Cr, V and Se. 


